Introduction 27
Many diagnosis techniques have been employed for gearbox diagnostics, however, 28 vibration analysis emerged as one of the best diagnosis techniques (Cotrell 2002 
Signal Separation algorithms 109
In order to compare the effect of employing TSA for improving signal separation, 110 vibration signals acquired were processed using two different paths. For the first path, 111
Deterministic vibration signal has been determined by the means of adaptive filter. 112
Then the SK algorithm has been employed to determine the optimum filter used for 113 demodulation. Finally, Fast Fourier Transform FFT has been used to obtain the 114 demodulated signal spectrum, the signal processing procedures are summarised in 115 figure 1. Synchronous averaging (SA) has been performed by resampling the vibration 116 data in the angular domain (to remove the speed fluctuation) followed by adaptive 117 filtering to separate the random component of the data (bearing signal).The signal 118 separation was performed with an adaptive filter using fast block algorithm least mean 119 square algorithm FBLMS described by Elasha et. al (Elasha, Ruiz-Carcel et al. 2014) . 120
The Fast Block LMS (FBLMS) algorithm was proposed to reduce the processing time 121 (Dentino, McCool et al. 1978 ) and as such is more suitable for online diagnostics 122
where an instantaneous response is required. This algorithm is based on the 123 transforming the time signal to the frequency domain and the filter coefficient is 124 updated on the frequency domain; details of the procedure have been summarised 125 (Ferrara 1980) . Inner race natural spalling 265 
Vibration fault frequencies 267
To aid diagnosis all characteristic vibration frequencies were determined, see table 3. 268
These included gears mesh frequencies of the different stages and the bearing defect 269 frequencies for planet bearing. 270 271 Table 3 Gearbox characteristic frequencies 272 The results of spectrum analysis show no evidence of bearing fault frequency for the 293 faulty condition (Fig. 6) . The spectrum showed the existence of gear mesh frequencies 294 and their harmonic. In addition, observations of a closer inspection of the frequency 295 spectrum (zoom in Fig. 7) showed no existence of the bearing fault frequency. When 296 comparing all three test conditions, it was noted that the overall vibration amplitude 297 decreased for the major fault scenario and this was due to the increased bearing 298 clearance due the fault; a similar fault condition has been reported by Elasha et al. 299 (2014b) . 300 Figure 6 Power spectrum of original vibration signal for the major defect condition Observation from the spectra of the enveloped signal in the all directions at 100% 322 maximum continuous power, see figures 8, 9 and 10 respectively, showed no 323 presence of fault frequencies associated with the defective planetary bearing in the 324 spectrum, except for the Z direction, see Figure 10 , where the cage defect frequency 325 (7.5 Hz) were detected. It is apparent that the signal separation had not completely 326 removed the gear mesh and shaft frequencies, particularly the sun gears frequencies 327 and its harmonics for first and second epicyclic stages (38.8 and 13.2 Hz respectively), 328 which were detected by envelope analysis, see figures 8, 9 and 10 respectively. 329
Existence of these frequencies is due to fact that the vibration signal used in this 330 analysis wasn't synchronised to any particular shaft. Observations at 110% of take-off 331 power and 80% of maximum continuous power showed similar observation at 100% 332 of maximum continuous power in all directions; therefore, only observation at 100% of 333 maximum continuous power was presented here. 
359
Observation from the spectra of the enveloped signal in the X direction at 100% 360 maximum take-off power, see Figure 11 , showed existence of outer race defect 361 frequency (21.9 orders) for both minor and major faults. In addition, inner race defect 362 has been detected for the major fault condition at 32.6 orders. Also, second harmonic 363 of outer race (43.8 orders) has been detected for the minor fault. 364
Observations from envelope spectra in the Y and Z direction at 100% maximum take-365 off power, see Figure 12 and Figure 13 , showed existence outer race defect frequency 366 for major fault condition. Furthermore, outer race defect has been identified for the 367 minor fault detection in Y direction, however, observations of Z direction showed no 368 fault existence, see Figure 13 . 369 
